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to plantation restoration maintained the woodland species in the ground flora of 56 plantations. However, these restoration methods differed in their effects on the leaf-57 miner -plant species richness relationship. It is often assumed that during restoration 58 increases in plant-species richness lead to increases invertebrate herbivore richness, 59
but this was not the case on clearfelled sites. This study demonstrates the importance 60
Introduction

Materials and methods
129
Field sites 130
The study was carried out in the Forest of Dean, UK; a temperate forest spanning 106 131 km 2 in the West of England (51.789 N, -2.546 W). The forest was previously 132 exploited for minerals and stone as well as timber, and contained areas managed as 133 coppice and wood pasture (Herbert 1996) . The forest currently consists of a mix of 134 native broad-leaved and non-native conifer species. 135 136 Thirty-two plots were chosen, each 2 ha in size: eight plots managed as native 137 broadleaved woodland (herein native plots), eight within conifer plantations not 138 undergoing restoration (herein plantations), eight within conifer plantations 139 undergoing gradual removal of planted trees for restoration (herein thinned plots), and 140 eight within clearfelled conifer plantations (herein clearfelled plots). All plots were on 141 ancient woodland sites. All plots were at least 15 m from the forest or clearfell edge. 142
Plots were spread across eight locations (blocks), with each block containing one plot 143 under each management regime. 144
145
The eight blocks consisted of two different forest types. Four of the blocks were on 146 acidic Quercus woodland (National Vegetation class W10 (Quercus robur -Pteridium 147 aquilinum -Rubus fruticosus) (Rodwell, 1991) ) and four were on mesotrophic 148
Fraxinus woodland (National Vegetation class W8 (Fraxinus excelsior -Acer 149 campestre -Mercurialis perennis) (Rodwell, 1991) ). Both these woodlands are 150 widespread in lowland Britain. For plantations, thinned plots, and clearfelled plots the 151 forest type refers to woodland that existed before conifer planting occurred. Therewas evidence of deer presence, an important factor in determining the plant species 153 composition of forests (Waller 2014) , in all plots. 154
155
On thinned plots, conifers are thinned every 5 years with thinning concentrated 156 around native broadleaves. Plantations are also thinned every 5 years, with the pattern 157 of thinning determined to maximise conifer growth. In the clearfelled plots all 158 conifers were felled, and on all but one of these plots native broadleaves were planted. 159
Native plots are thinned at most every 10 years depending on the degree of crown 160 competition. Restoration commenced on thinned plots between 7 and 4 years prior to 161 this study. Clearfelled plots were felled between 4 and 10 years prior to this study. 162
Where possible plantations, thinned plots, and clearfelled plots in the same block had 163 been planted with the same tree species. Plantations, thinned plots, and clearfelled 164 plots were planted between 1958 and 1976, and in the same block were planted at 165 most eight years apart (see Table S1 in Supporting Information for further plot 166 information). Estimates made using a rarefied sample size of 50 individuals were comparable, 244 but led to plots being excluded due to having <50 mines. A rarefied sample size 245 of 10 was therefore preferred to maximise the plot sample size. 246
247
Rarefied richness was analysed using a general linear mixed effects model. The plant 248 species richness of plots, as well as management regime, forest type, and all two-way 249 interactions between these were modelled as fixed factors. Block was added as a 250 random effect to all models to account for the blocked design of this study. 251
252
Objective 3: Is the efficacy of the two restoration approaches affected by forest 253
type? 254
Forest type was included in the models described above. Although the effect of forest 255 type on ground flora species composition could not be statistically assessed using our 256 statistical models, PERMANOVA was able to determine if forest type interacted with 257 management regime to affect species composition. The main effect of forest type on 258 ground flora composition was determined graphically using NMDS. 259
260
Model simplification and statistical software 261
Maximum models were simplified using likelihood ratio tests (Bolker 2008) . 
Results
285
Objective 1: Do the two restoration methods differ in their impact on the ground 286 flora? One hundred and seventy-nine ground flora species were identified in the 32 287 plots, 167 to species level and 12 to genus, comprising 110 genera in 53 families (see 288   Table S2 ). Of these 86 were woodland species, comprising 69 genera in 47 families. 289
Management regime had a significant effect on species richness (Likelihood ratio test: 290 χ 2 = 65.35, d.f.= 3, P<0.001) and clearfelled plots had significantly more ground flora 291 species overall than other plots (Fig. 1a) . However, all plots contained woodland 292 species and there was no significant effect of management regime on woodland 293 species richness (Likelihood ratio test; χ 2 = 1.83, d.f.= 3 , P = 0.607, Fig. 1b) . 294
295
The overall ground flora community composition differed significantly between 296 management regimes (Pseudo F = 4.05, d.f. = 3, P<0.001). Plantations and thinned 297 plots had a similar community composition intermediate between that of native and 298 clearfelled plots (Fig. 2a) . The woodland species subset of the ground flora 299 community showed a different pattern from that of the ground flora in general. 300
Woodland species composition differed between management regimes (Pseudo F = 301 4.08, d.f.=3, P <0.001) but thinned, plantations and clearfelled plots overlapped in 302 their composition whilst native plots had a different woodland species composition 303 (Fig. 2b) . 304
305
Objective 2: Is plant species richness correlated with leaf-miner species richness? 306
In total 10,025 mines were collected. Of these 9771 could be identified to at least 307 order level and comprised 122 species (see Table S3 ): 68 Lepidoptera species andfour Lepidoptera taxa identified to genus level, 38 Diptera species and two Diptera 309 taxa identified to genus level, 11 Hymenoptera species and one Hymenoptera taxon 310 identified to order level, and two Coleoptera species. 311
312
The relationship between plant and rarefied herbivore species richness was not 313 consistent between the different management regimes. Thus, there was a significant 314 interaction between plant species richness and management regime (Likelihood ratio 315 test: χ 2 = 15.20, d.f.= 3, P = 0.002). On plantations, thinned and native plots, there 316 was a positive relationship between leaf-miner species richness and plant species 317 richness (Figs. 3a, 3b, 3c ). However, on clearfelled plots there was a negative 318 relationship between leaf-miner species richness and plant species richness (Fig. 3d) . 319 320 Objective 3: Is the efficacy of the two restoration approaches affected by forest 321
type? 322
There was a significant effect of forest type on both total ground flora species richness 323 (Likelihood ratio test: χ 2 = 5.61, d.f.= 1, P = 0.018) and woodland species richness 324 (Likelihood ratio test; χ 2 = 7.69, d.f.= 1 , P = 0.006) with mesotrophic Fraxinus plots 325 having a greater mean species richness than acidic Quercus plots in both cases (Total 326 ground flora species; 49.36 ± 8.5 vs. 32.19 ± 5.85; Woodland species; 23.56 ± 1.83 327 vs.13.75 ± 2.79). Plots on the two different forest types also differed in total ground 328 flora species composition (Fig. 2a) and woodland species composition (Fig. 2b) . clearfelled plots had few trees taller than 2m, and the canopy of plantations and 357 thinned plots mainly consisted of conifers. Although conifers do host leaf-miners no 358 mines were found on conifer leaves during this study. We are therefore confident that 359 the samples from plantations, clearfelled and thinned plots reflect their leaf-miner 360 community. The native plots, however, had an extensive canopy cover of broadleaved 361 trees and their species richness of leaf-miners may be higher than reported here. 362
363
The effect of restoration method on ground flora 364
The potential of plantations on ancient woodland sites to be restored to native 
Supporting Information
713
Additional supporting information may be found in the online version of this article: 714 Table S1 . Details of the study plots used in this study. 715 Table S2 . Plant species found in the ground flora of study plots. 716 Table S3 . Leaf-miner species found in the ground flora of study plots. 717
